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PERFLUOROELASTOMERS WITH ENHANCED PROPERTIES 

^PCltgronnd of the Invim^n^ 

Perfluoroelastomers such as those described in U.S. Patents 
s 3 682.872, 4.281.092. 4.487.903 and 4,983.697 have properties- that make 
them attractive for use under unusuaUy severe conditions. These materials 
are suitable for appHcations requiring the characteristics of an elastomer and 
at the same time tolerance for exposure to high temperatures or to 
aggressive chemicals. 

10 The mechanical properties of perfluoroelastomers. in common 

W1& other elastomers, are comrentionaUy adjusted by varying the ratios of 
p^uoromonomers in the polymers, by vaiying the amomit of carbon black 
and other compomid i^gredients, and by vaiying the curing, or vulcanizing, 

<^emis^ Certainuses,however,requiiecombinatioiisofpropertiesnot 
15 ^«f»ablebyknownmeans.Qneparticularlydesiiableimpro^^^^^ 
be the mcrease of tensile strength and modulus without sacrifice of 
compression set 

Snmmfliy ftf T»^r?"ffTfH 

on u'u ^*P'*'*''*^®"*^°°P«>^'JescuredperfIuoroelastomers 
20 ]vhich exhibit enhanced mechanical properties through the incoxpor 

Specifically, the instant invention provides a polymer blend 
comprising con^lementally, 

25 least one perfhioroelastomer of tetrafluoroethylene 

peifluoroallgrl perfIuoro(vinyl ether) and at least one cure site moiety, aiid 

<b) aboutfram2to20partsbyweightofatleastone 
hydro^-containing fluoropolymer, the fluoropolymer containmg about from 

0;2to20molepercentofunitsderivedfromatleastonehydroxy-containing 
30 vmyl ether monomer of the formula 

C^,^CTpcy,CF(CF3)UOyCF3)„CH,OH wherein p is 0 or I; m is 0 to 
10 and n is 0 to 20; and provided that when m is 0. p is 0; and when m is 
greater than 0. p is 1; and further provided that at least one of n and m is at 
least !• 
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Tiwention 

Peifluoroelastomers used k the present invention are 
preparedfromtetrafluoroethylene, perf&ioroaIlgrlperfhioro(vmyl ether) and 
atleastonecuresitemoiety. For purposes ofthepresentinyention, minor 
5 Portionsof thetetrafluoroettyjenecanbereplacedby otfaerperhaloolefins. 
suchas chlorotrifluordethylene. Perfluoro(alIqrIvmyl ethers) preferred for* 
nseinifliepresentinyentionincIudeperfluoro(mefliylvii]yI ether) (PMVE) 
andp<aflnoro(ipropyJvlnylelher)(PPVE). SmaUconcentrationsof 
mcaomeESwMdi a» notperfluorinated can also be use^ 
10 significanflychattigfcgthedesiiabtecharacferistics<)fft^^^ 

peifluproelastoniers. Noimalty, such monomeis are incorporated as cure 
sitemoietiestoobtaiiidesihd)le ctosdihldng dja^^ 
presentihcoiu»ntrationsiptQabout3iiH>I%. Sudi monomers can ihdude, 
for exainpie, bromotetrafluorolnifeneb bromptrifluoroeiiiylen^ and 
monomers contamingq?anogn)ups, Alternativelx or addition^^^ 
transfer agente which are not perfluorinated can be iBed in the 
polymerization reaction to intro duce desirable fragmenls into &e polymer 

for curingpuiposes, and are considered curesitemoieties or mono 
the context of the present invention. Such agents include di-iodo compounds 

thatresultih bound iodine in thepotymer, commonly at the end of the 
molecHle. Representativeperfluoroelastomers are fllustrated in U.S 
Patents 3/t67,63», 4^1,092^ 4.487,903, 4^29.784, 4,948,853 and 4,983,697, 
eachofwhidiishereby incorporated by reference. 

Ittaccordancewitiithepresentinvention,the 
25 Perftaoioelastomerisblendedwi&djoutfrom2fo20pam 

least one hydrojg^^containing fluoropolymer, the fluoropolymer containiflg 
about from to 20 mole pereent of units dwived from at least one 
faydroxy-contamingvinyl ether monomer of the formula 
^2=CF[OCF,CF(CF3)J„(0)/CF^-a^OHwh^ 

50 10andnis0to20randprovidedthatwhenmis(ipfeGjandwhenmis 
greaterfhsh0.pisl;and further provided that at least one of II andmis at 
least 1. Hydrojiy<ontaimngmonomers which can be iBeditt&epreparation 
of these fluoropolymers are described in detail in U.S. Patents 4,982,009 and 
5,059^720. Amongthesefluoro(vii5riethere),apreferredmonomerfe 
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CF,=CFOCF2CF(CF3)OCF2CF2-CH20H (EVEOH). 

J^efluoropolymeis used in this invention, in addition to the 
units denved from the hydroxy-containing vinyl ether monomer, contain at 
least one other fluoromonomer. TTiese fluoromonomere include 
5 fi^roolefcs and fluoro(vinyl eAers). Preferred fluoromonomer. include 
TFB, hacafluoropropylene (HFP). PPVE. and PMVE. Monomers that do 
not contem fluorine, such as ethylene (E), can be used in coiijunction with a 
fluormated monomer. PartiaUyfluordnated monomers such as 
perfluoiobutyl ethylene (PFBE) can also be used. One illustrative 
10 <»inbmationwithahy<firagKmainingmonomerisE/TFE/PFB^ 

^* ^ hydroxy-containing monomer include TFE^ 

^J^^'-^^^^-^/^^- mesepolymerscanbe 
prepared by conventional copofymerization techniques. 

15 rr^^r J^^^^^^"'°°^«fl"°«»P0i3^«<SanbeeitherpartialIy- 
15 «3«talhneanddassifiedasfluoroplasticsornon<iyst^and^^ 
fluoroelastorners.dependingontiiemonomer.chosenandtheirpro^^^^ 
asknowntothosesldlledintireart. If thehydr»xy.modifiedfl„o^p^fy„^^ 

'J«»«ble<^g characteristics derived from Cham transfer agents m 
20 polymerization, as discussed above. 

The units in the fluoropolymer derived from hydroxy- 
containing monomer will constitute about 0.2-20 mol% of the modified 
fluor^olymer. K the fluoropolymer is a fluorx>plastic the units derived from 
the hydrc«grKK)ntaining monomer will constitute about 3-20 mol% and 

« P«f«abfyabout5.15moI%ofthelydroxy.modifiedfl«oropoIymer.Ifthe 
fluoropolymer is a fluoroelastomer, the units derived from the hydroxy- 

0^5 mol% of the hydroxy-containmg fluoropolymer. 

'^^^°'"to^lVdroxy.containmgfluoropolymerusedm 
^ P«se°tpolymerblendsisaboutfrom2to20partsl^w 

by weightof tiiepolymerblend. Preferably. the hydroxy-modified 
• fl«oropolymerwillbeaboutfrom5to 15 parts by weight of tiie blend, llie 
blendmg of tiie polymeric components of the presem im^ention and 
compomiding of tiie blends witi, otiier components of tiie compomids can be 
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camedoutbyconveiitrondblendmgandcoinpotodmgtec^ The 
blends of the present inventibn ^e ^caUy «)iiipoimded with one or more 
of file additives known to be nsefiil in perfluoropolymer compositions, such 
as pigments, ffllers, pore-forming agents andplastidzere. It is particularijr 
5 advantageous to add carbon black to the fhioroelastomer to increase its 
modulus- Usualfy, amounts of about 5-50 parts by weigfatper hundred parts 
of the fluoroelastomer blendis are used, the particular amount being 
detennined= torn the partide size of the carbon black and the desired 
hardness and modulus of the cured composition. 

Q»»<»inponettt of Aeccrapdimded elastomer is a cure 
accelerator. TieparfioiIttWea^ddratoris generaUy determm by the 
particular cure site monomeriised in the fluoroelastomBK For those 
perfluorodastometS Hi which the cure site monomer consists essentialfy of 
peiflnoro-(8-q?aho-5-metIiyi-3,6-diojca-l-octBne), tefraphei^itin is 
15 customaiiTy used. lathe blends of the present invention, ithas been found 
that, with these curesifemonomers, triphenyltm hydride fe particularly 
effective. 

The blends of the present mvention, through the mcoiporation 
of the iQrdrojy-containmgfluoropolymer, exhibit significantly mcreased 
20 tensilestrengthandmodulus,without sacrifice of other desirable 
elastomeric characteristics; such as compression set. 

Bi the following Examples and Control Examples, parts and 
percentagesare by weight unless otherwise Hidicated. 

In these Eraa5)les and Control Ecanqiles, the foUowing 
25 polymers were used, andprepared according to the indicated techniques. 

A2-fiterreactorv?aspuigedMdthiiitrqgen, and then charged. 
\a1h l250 ml of ddoi^d wat^, 50'ndof 

l.l,2^chIoro^l,2>trffluGro^tfaan^ (CFC-113), 
30 ammonium persnlfate initiator solution.: TFE (60 g) and 20 g of 

CF2=CFOCEjCF(CF3)QC3?2C^.CB50H (EVE-OH) were then transferred 
mto thereactor, the temperature was increasedto 60'Q and the agitator 
speed was set at 175 ipm. Cbntmuous fe|ed of THE at flie rate of 20 g/hr was 
thenstarted. Pofymerization continued at autogenous pressure for 4 hr, 
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15 



20 



25 



30 



after which TFE feed was Stopped and the reactor was cooled. The polymer 
emulsion was discharged from the reactor and was coagulated by addition of 
concentrated nitric add accompanied by vigorous stirring. The precipitated 
polymer was coUected by filtration, was washed thoroughly with warm water, 
and dried for 24 hr in a vacuum oven at 150 mmHg and 100"C. • The yield 
was 135 g of a white powder designated as Polymer A. Polymer A had a 
molar conqjosition ofTFE/EV&OH = 86.1/13.9 as detennined by »F 
nudear magnetic resonance (NMR) spectroscopy at high a temperature of 
33(f'34QPC. The polymer was a partiaUy crystalline fluoroplastic with a 
melting point of 279»C as detennined by differential scanning calorimetiy 

Eight batches of TFE/EVE-OH partially-crystalline 

fluoropolymer were made by the above procedure for Polymer A. The eight 

batches were combined to yield 1040 g of Polymer B. Polymer B had the 

molar composition TFE/EVE-OH = 88.5/113 by »T NMR spectroscopy 

and a DSC melting point in the range 280'*-285°C 
Poivmei-r 

A modified perfluoroelastomer was made in a well-stirred 5.4- 
liter reactor by continuous emulsion polymerization at 70*0 Two aqueous 
solutions were fed to tiie reactor. The first solution was fed at the 
compositionrateof 120ijil/hrofwater, 1.92 g/hr of ammonium pereulfete, 
13 g/hr of disodium hydrogen phosphate heptahydrate, and 1.4 g/hr of 
ammonium perfluorooctanoate CBuorad" FC-143 from 3M Co.). The 
second solution was fed at the composition rate of 150 ml/hr of water, 1.6 
g/hr of sodium sulfite, and 1.7 g/hrof FC-MS. TFE, perfluoro (methyl iinyl 
ether) (PMVE) and EVE-OH monomers were fed simultaneously at the 
rates of 62 g/hr for TFE. 76 g/hr for PMVE, and 234 ml/hr for EVE-OH. 
The polymer was isolated by coagulation with magnesium sulfate aqueous 
solution, then washed and dried in an oven at BO'C for 48 hr. About 5.5 kg 
of Polymer C obtained in this way had molar composition 
TFE/PMVE/EVE-OH = 65.1/343/0.64 by I'F NMR spectroscopy. 
Polymer C had a glass transition temperature (Tg) of -5''C and no 
discernible crystalHfle melting point by DSC 
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la the Examples and Control Examples, compounds of 
peifluoroelastomer and hydro;y-modified fluoropolyiher with other 
ingredients specified were prepared on a standard two-roU rubber mill with 
the rolls heated to about 90°C fiigredients were weighed ovi% prembced, and 
5 then milled for 20-30 minutes. . 

The compounded blends were converted to a form suitable for 
physical testing by compression molding into sheet 15 cm square and 1.9 mm 
thick. Unless otiierwiise spedSed, the sheet was pressncured at 210^Cfor 10 
mimiteSr and ften post-cured In adrculatihgair oven at 90?C for 6 hr 
10 followed by aunjifemt transition to SOS^Cover 10 hr and in turn followed by 
26hrat3QS°C Specunens for physical testing were ^e-^cutfix>m the sheets 
caUedfor by the testmethoi:^ summarized in Table 1. 



15 



Tabte t. Physical Test Methods 



Symbol Property MsM 

MiD(> Modulus at 100% elongation (psi) ASTMD-4I2 

T|, Tensile strength atbreak(psi) ASnMD-412 

Ef, Hongatioaat break (%) ASTMD-4I2 

20 H HEurdness (Shore A, pellet) ASTMD-395 

CS CompressionSet 70 hr/20yc; pellet) ASTM D-395 

Ex^mplgy 1-2 an4 &ntTol A 

Polymer A was ixsn^otiJided with a 
25 asPoIymerDand other ingredients listed in Table 2» PolymerDwasa 

TEE/PMVE/ft-CNVEperfluoroelastomer prjspared according to the 

genersdprocedures described in U-S. Patent 4,281^092. . S-CNVEis the cure 

site inonomerp^uor6-(8-q$uiQ-5-methyl*3,^ 

compound was molded and tested according to the procedures described 
30 above, and the results are summarized in Table 2. As can be seen from the 

test results in Table 2, the incorporation of Polymer Ain the blend enhanced 

modulus with modest sac^ce of compression set and tensile strength, a 

desirable combination of properties. 

Examples 3*8 and Control B 
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Polymer B was compounded with Polymer D and other 
ingredients as Hsted in Table 3. using the same procedures as in Bamples 1- 

2. The compounds were tested as before, and the results are similarly 
summarized in Table 3. 
S ExamnteQ Q.1 2 and Cnntr^ l ^ 

Polymer B and Polymer D were compounded with other 
ingredients including two different curing accelerators as listed in Table 4. 

While both accelerators in conjunction with Polymer B show enhanced 
modulus and hardness with litfle or no sacrifice of compression set and Uttle 
10 loss of elongation, the data show triphenyltin hydride to be superior in 
preserving low compression set 
ContmlliSrflpiy^^en-^ 

Polymer D was blended with a commerdal non-melt- 
fabricable TTEpolymer (PITE) of the ^e known as fine powder, available 
as Teflon® TEE fluorocarbon resin grade 6C (Du Pont Co.), and other 
mgredients as listed in Table 5. After miUing, molding and curing, the 
elastomeric sheet lacked integrity, being delaminated and showing visible 
cracksandbIisteis,sopropertieswerenotmeasured. These examples 
indicate that fluoropolymers without hydro^gr modification are ineffective in 
20 enhancing properties. 

^mples 1.3-14 and Cnritr^^ 1? 

Polymer C was blended with Polymer E and other ingredients 
as listed m Table 6. Polymer E, prepared generally as described in U.S. 
Patent 3,467,638, was an elastomeric copolymer of TFE and PMVE with 5- 
25 Pentafluor(q)heno:gr-perfluoroK5-methyl-3K>xa.l-pentene)asacuresite 
monomer, 'the molded sheet was press-cured at WO-C for 3a minutes, then 
post-cm-ed in a circulating ah: oven first at 90rc for 6 hr foBowed by a 10-hr 

transitionto288''Candfinallyat288''Cfor26hr.TbetestresultsinTable6 
show that addition of the hydroxy-modifiedfluoroelastomer enhanced 
10 mechanicalproperties without sacrifice of compression set 
Examples %ti. \S and rnnfrol a 

Polymer C was blended with Polymer F and other ingredients 
as listed in Table 7. Polymer F was a copolymer of TFE, PMVE, and BTFB 
in which BTFB is cure site monomer 4-bromo-3M4-tetrafluorobutene. 



W093/22379 



8 



PCr/US93/04380 



Feifluoroelastomers of this and iheir preparatibn are described in U.S. 
Patent 4,035,565* After milling and molding by the general procedures 
described above, thesheet was press-cured at 170''C for 10 minutes, then 
post-cured in a circulating air oven at for 2 hr followed by a 6-hr 
5 transition ta25p^Cand finaUy at250?Cfor l$:hr. The test results in Table 7 
showenhancemente of modulus imdtendle strength change of 

hardness and modest lossof elongation* Three of the samples esdubit 
&vorabIe reactions in compressionset 
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Table2. Compounds with Hydro:qr-ModiGed Fluoroplastic 





Example 


Control A 


I 


2 




Formulation: 








5 


Polymer A 


0 


10 


10 




Polymer D 


100 


90 


90 




Carbon Black 


12« 


12f 


12a 




18<rown'^ 


03 


03 


03 




Pl^Si|03 


3 


3 




10 


Properties: 












1300 


1449 


1862 




Tb 


2700 


1786 


2146 






150 


121 


109 




H 


77 


82 


86 


15 


CS 


20 


■36 


36 



« SAF carbon black 
^ SRF t^e carbon black 
^ Aldrich Chemical Co. 
20 ^Tetraphenyltin 
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Table 3. Compounds ivith Hydnngr-Modiffed Fluoroplasfic 



^xarnnlft B 3 4. S fi 7 . R 

Fonnulation: 



FoIym^B 


0- 


. 125 


10 


75 


5 


•3.75 


15 


PoljonerD 


m 


875 


90 


925 


95 


96.25 


85 


SAFCaxbcm 


12 


J2 


12 


32 


12 


12 . 


12 




05. 


0.3 


03 


03. 


03 


03 


03 


Fb^Sn 


3 


3 


• 3. ■ 


3 


3 


3 


3 



10 Properties: 



Mioo 


1300 


1602 


1621 




1446 


1169 


1738 




2700 


2473 


2600 


2444 


2410 


2246 


2903 




15a 


106 


114 




117 


115 


121 


H 


77 


89 


89 


88 


87 


87 


90_ 


CS 


20 


35 


29 


22 


21 


19 


37 
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Table 4. Componnds with Different Cure Accelerators 



Example 



Formulation: 
5 Polymer B 
Polymer D 
SAFCaifoon 
18-crown-6 

10 FhsSiiH* 
Properties: 
Mioo 

15 H 
CS 



c 


9 


10 


11 




0 


5 


7J 




12 


100 


95 


9Z5 


yj 




12 


12 


12 


17. 


10 


03 


03 


03 






3 


3 


3 












3 


3 


1300 


1784 


1925 


1965 


1965 


2700 


2423 


2246 


2199 


2190 


150 


117 


108 


107 


107 


77 


87 


88 


88 


89 


20 


22 


25 


20 


21 



Triphenyltin Hydride 



20 
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.12. 

I^IeS. Comiioimtfsinitb Unmodified Ftuoroilasfic 

. Example T> . -jg 

Fonnulation: 

5 PTFE6C 125 5 

PolymerB 875 95 

SAFCarboo 12 12 

18-crowii^ m 03 

Fb^n 3 3 
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Table 6. Compounds with Hydroj^r-ModiGed Flnoroelastomers 



Example 


F 


13 


14 


Formulation: 








5 Polymer C 


0 


5 


10 


PofymerE 


100 


95 


90 


SAP Carbon 


10 


10 


10 


18-crown-6 


4 


4 


4 

• 


MgO 


4 


4 


4 


10 KjAF 


3 


3 


3 


Properties: 










1370 


1571 


1429 


Tb 


1699 


1944 


1975 




116 


115 


125 


15 H 


80 


80 


79 


CS 


51 


45 


51 



0 Dipotassimnsalt of bispfaenol-AF 
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liable?. Cbmpoimd^tritb^jrdroigr-ModifiedFlaoroelastoiiier 

Sample ^. 17 

Fommlation: . ' . . 



Polymer C 


0 


5 . . 


10 


15 ' 


20 


FcdymerF 


m 


95 


90 


85 


80 


SAPGaibon 


10 


10 


10 


10 


10 


18-ceown.-6 


4 


4 


4 


4 


4 




4... 


4 


4 


.4 


4 


KjAF . 


3 


3 


3 


3 


3 



FrqpeFties: 



15 





775 


889 


995 


1035 


835 


% 


2262 


2448 


2303 


2196 


2311 




217 


195 


m -. 


163 


199 


H 


79 


78 


79 


81 


77 


CS 


55 


46 


52 


51 


71 
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I CLAIM: 

1. A polymer blend coxoprmag, complementally, 

(a) at least one perfluoroelastomer of tetrafluoroethylene, 
perfluoroalkyl perfluoro(vinyl ether) and at least one cure site moiety, aid 

(b) about from 2 to 20 parts by weight of at least-one 
hydrojgr-containing fluoropolymer, the fluoropolymer containing about from 
0.2 to 20 mole percent of units derived from at least one hydroxy-containing 
yjxp/l ether xaonomet of the fommla 

wherein p is 0 or 1; m is 0 to 
10 and n is 0 to 20; and provided that when m is 0, p is 0; and when m is 
greater than 0. p is 1; and further provided that at least one of n and m is at 
least 1. 



2. A polymer blend of Claim 1 wherein the fluoropolymer is a 
15 plastic and contains at least about 3 mole percent of units derived from the 

hydro^-contaming vii^l ether. 

3. Apolymer blend of Claim 2 wherein the fluoropolymer 
contains about from 5 to 15 mole percent of units derived from the hydro^gr- 

20 containing viiQ^l ether. 

4. A polymer Uend of Qaim 1 wherein the fluoropolymer is 
an elastomer and contains about from 02 to 10 mole percent of units 
derived from the hydioxy^ontaining vinyl ether, and the fluoropolymer 
further comprises units derived &om tetrafluoroethylene and peifluoroalkyl 
perfhioio(vinyl ether). 
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5. A polymer blend of Qaim 4 wherein the hydroxy- 
containing fluoropolymer comains about from 03 to 5 mole percent of units 
30 derived from the Iqrdroxy-containing vii^l ether. 



6. A crosslinkable composition comprising a polymer blend of 
Qaim 1 in about from 1 to 5 parts by weight of at least 1 cure accelerator. 



W093/22379 



t6 



PCT/US93/04380 



7. AcrossliBkablecpiE^o^tioitofOaim fi v^eiem 
site monomer in the pezftaoroelastomn^ consists essendallr of peifltioro-CS^ 

5 8w A crosslinkable compositiDn of Qaim 7 v/hcxem the cure 

accelerator consists essentiaUy of tetraph^^ 

9. A crosslinkable composifiott of Qaim ^ 
accelerator cons&ts essentially of tnphenyltin hydride. 
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10. A cured peiflijoroelastomer prepared from the 
crosshnkable composition of Qaim 6. 
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